Introduction {#S1}
============

Free flaps, combining a high success rate with low donorsite morbidity, are considered the gold standard for the reconstruction of tissues lost during oncologic surgery [@R01]^-^[@R05]. In addition, they enable the reconstruction of different tissues lost during radical surgery. However, there are conditions that do not allow free flaps as the first choice, typically when the surgeon has no experience with microvascular surgery or when a patient is in poor general health with vascular depletion, or has had previous free flap failure, even though this latter issue is controversial. These cases are best managed with delayed placement of a locoregional flap. In addition, locoregional flaps are also suitable for use in combination with free flaps in extended reconstruction. In the present paper, our experience with the use of locoregional flaps in reconstructive procedures after the failure of locoregional or free flaps, and in a case where a free flap could not be performed, is presented.

Between 2008 and 2010, four delayed locoregional flap procedures were performed at the Division of Maxillofacial Surgery, San Paolo Hospital, Milan, Italy. One prelaminated temporalis fasciocutaneous flap was used to reconstruct a large defect of the cheek and commissural region after partial necrosis of a cervicofacial rotation flap for a skin squamous cell carcinoma. One prelaminated supraclavicular flap was used to reconstruct a full-thickness defect of the cheek after necrosis of a cervicofacial rotation flap and of the skin paddle of a fibular free flap for oral squamous cell carcinoma. One supraclavicular flap was used to reconstruct a cervicomandibular defect after necrosis of the skin paddle of a fibular free flap in a patient presenting with local recurrence of an oral squamous cell carcinoma who had received surgical and radiotherapy elsewhere. Finally, one supraclavicular flap was used to close a pharyngocutaneous fistula in a patient who had previously received total laryngectomy and radiotherapy for laryngeal cancer. In the first two patients, the delayed procedure was performed with a skin graft on the inner face of the flap. The wounds of all patients were infected at the time of the delayed procedure. All these patients had undergone functional neck dissection. Additionally, the third and fourth patients had previously received radiation therapy.

Case series {#S2}
===========

In the first case, a 75-year-old male ([Figs. 1](#F1){ref-type="fig"}-[4](#F4){ref-type="fig"}), heavy smoker and affected by severe chronic ischaemic heart disease was treated with bilateral functional neck dissection, full thickness resection of the right cheek, and reconstruction with a cervicofacial myocutaneous rotation flap for a cheek squamous cell carcinoma with nodal disease. The skin flap suffered from venous congestion and could not be salvaged. After removal of the necrotic tissues, a wide heavily infected wound resulted. In the same surgical session we performed the first reconstructive phase by partially sculpting (delay procedure) and covering the inner surface of a temporalis fasciocutaneous flap with a partial thickness skin graft from the thigh. Two weeks later, we rotated the flap to cover the defect of the cheek and commissure. The temporalis donor site was covered with a partial-thickness dermo-epidermal graft taken from the thigh. The patient was discharged 4 days later and, after another 2 weeks, the flap pedicle was divided under local anaesthesia.

![*Case 1.* A 75-year-old man with squamous cell carcinoma of the cheek with intraoral extension, treated with bilateral functional neck dissection, right cheek resection and reconstruction with a cervicofacial myocutaneous flap. The picture shows the lost tissue area after partial necrosis of the cervicofacial flap due to venous congestion.](0392-100X-32-329-g001){#F1}

![Delayed placement of a locoregional temporal fasciocutaneous flap with pedicle on the right superficial temporal vessels was performed. The distal flap portion was lined with a partial-thickness dermo-epidermal graft harvested from the thigh.](0392-100X-32-329-g002){#F2}

![Flap rotation was performed to cover the defect of the cheek and commissure. The temporal donor site was covered with a partial-thickness dermo-epidermal graft harvested from the thigh.](0392-100X-32-329-g003){#F3}

![The picture shows good aesthetic and functional outcomes of the procedure.](0392-100X-32-329-g004){#F4}

The second patient, a 60-year-old male, heavy smoker and suffering from hypertension, underwent right neck dissection, a right hemimandibulectomy with wide excision of the right cheek and lower lip skin owing to squamous cell carcinoma of the right mandibular gum. Reconstruction was performed using a fibula free flap and a right cervicofacial myocutaneous flap. Within a few days after surgery, venous congestion developed in the cervicofacial flap that led to necrosis of the distal 6 cm of the flap. At the same time, the skin paddle of the fibula suffered from arterial ischaemia and had to be removed. No clear causes for the failure of the fibula flap skin paddle were apparent. After removal of nonviable tissue, a wide infected through and through wound resulted. In the same operation, under local anaesthesia, we sculpted (delay procedure) a supraclavicular flap and covered the inner flap surface with a splitthickness dermal-epidermal graft taken from the thigh. After 10 days, we rotated the flap in the right cheek under general anaesthesia to cover the defect. After another 15 days, the flap pedicle was divided under local anaesthesia. A third patient ([Figs. 5](#F5){ref-type="fig"}-[8](#F8){ref-type="fig"}), a 60-year-old female, heavy smoker with a history of alcoholism, was previously treated with mandibular resection, neck dissection and 60 Gy postoperative radiotherapy elsewhere for a squamous cell carcinoma of the oral mucosa. Owing to locoregional recurrence, we performed a mandibular and cheek resection and a reconstruction with a fibula osteocutaneous free flap. However, after 9 days the flap suffered from arterial ischaemia and complete thrombosis of the peroneal artery was noted: revision of the anastomosis could not save the flap. This was then removed and the wound closed primarily. In the following days, a complete wound breakdown developed, leaving the patient with a wide, infected defect of the cheek and mandibular region. We then sculpted partially (delay procedure) a supraclavicular flap under local anaesthesia. After 15 days, the flap was rotated to cover the cheek-- cervical defect. Thirty days later, the flap pedicle was divided under local anaesthesia.

![Case 2. A 60-year-old woman affected by a recurrent squamous cell carcinoma of the left mandible involving bone and surrounding soft tissues. She had undergone a left hemimandibulectomy with extensive soft tissues sacrifice and reconstruction with a microvascular fibula free flap with skin paddle. The picture shows complete wound dehiscence causing an 8 × 6 cm through-and-through defect.](0392-100X-32-329-g005){#F5}

![A delayed supraclavicular flap procedure was performed under local anaesthesia.](0392-100X-32-329-g006){#F6}

![Flap rotation was performed to cover the cheek--cervical defect.](0392-100X-32-329-g007){#F7}

![The final result appears satisfactory.](0392-100X-32-329-g008){#F8}

A fourth patient, a 73-year-old male, heavy smoker with chronic heart failure had a pharyngocutaneous fistula after he underwent permanent tracheostomy, laryngectomy, and bilateral selective neck dissection (levels II--V) along with 60Gy postoperative radiotherapy for laryngeal cancer elsewhere. Under local anaesthesia, a delayed supraclavicular flap was sculpted. After 21 days, under general anaesthesia, a Wookey flap was used to close the inner surface of the fistula, and the supraclavicular flap was rotated over the latter to reconstruct the outer surface. After 60 days, the flap pedicle was divided under local anaesthesia.

Discussion {#S3}
==========

The use of free flaps for the reconstruction of large defects in head and neck surgery is today considered the gold standard with a success rate of nearly 95% [@R06]. Very good morphological reconstruction can be obtained . With the aid of some conservative accesses to the condyle [@R07] [@R08], mandibular reconstruction with free flaps can even be performed intraorally with only a small incision for anastomosis. For these reasons, free flaps are ideally suited for reconstruction after removal of benign tumours [@R09]. Moreover, with some elegant techniques, donor site morbidity can be considered to be very low [@R10].

However, even if such high success rates are reported, free flaps can fail and several issues need to be addressed in such cases. Conservative management of a partial flap loss, with attention to potential infectious complications and possible exposure of delicate anatomic structures [@R11], is by and large the accepted procedure.

However, in cases of complete free flap loss, the nonviable tissue has to be removed with careful consideration for the best reconstructive option. Placement of a new free flap may be the first choice, unless prevented by local or systemic adverse conditions [@R12]. Indeed, local infection and the unavailability of virgin vessels for anastomosis may severely contraindicate the placement of a second free flap, with a success rate reduced to 53% [@R13]. All these factors indicate the importance of selecting the procedure used for locoregional flaps. Even primary reconstructions are better managed without free flaps under certain conditions, as diffuse atherosclerosis in both donor and recipient vessels, which increase significantly the difficulties and risks of anastomosis. Additionally, adverse systemic factors, such as ischaemic heart disease with a reduced ejection fraction or poorly controlled diabetes mellitus, may exclude some patients from free flap surgery, in consideration of the typically long microvascular surgical sessions. For such patients, locoregional flaps for reconstruction of the surgical defect is still the best management option.

Locoregional flaps have several advantages compared to free flaps, which include a reduced vulnerability to infection, thrombosis and other complications [@R14]. Furthermore, considering that the procedure for locoregional flaps is easier and can be performed quicker[@R15] than free flaps, they are also feasible also in centres where no microsurgical team is available. The most frequently used locoregional flaps for head and neck reconstruction are pectoralis myofasciocutaneous flaps [@R16] (first proposed by Ariyan [@R17] in 1979), supraclavicular flaps (Lamberty [@R18] 1979), cervicofacial flaps (Crow [@R19] 1976), cervicopectoral flaps (Becker [@R20] 1978), deltopectoralis flaps (Conley [@R21] 1953), scalp flap (Arena [@R22] 1977), pedicled latissimus dorsi flap (Quillen [@R23] 1978) and the temporalis flap (Dunham [@R24] 1893). Some authors have proposed the use of a free flap in combination with a locoregional flap for reconstruction of larger surgical defects [@R25]. This avoids the need to place multiple free flaps, which would increase operative time. The use of selected locoregional flaps to reconstruct the outer lining (facial skin) may also lead to better results in terms of colour and texture matching [@R25]. Finally, cost remains an open issue; some authors [@R26] have argued that free flaps require more resources than locoregional flaps but enable better functional outcomes and are associated with fewer complications, thereby lowering the overall economic burden thus justifying their use. However, these aspects remain controversial.

In the present case series, one temporalis fasciocutaneous flap and three supraclavicular fasciocutaneous flaps were used in salvage procedures. The temporalis fascial flap was used as a pedicled flap based on the superficial temporal artery [@R27]. The pedicle is usually located with a Doppler probe, and the flap is designed accordingly. According to the literature, this flap can be harvested as an island flap or pedicled flap [@R28]. Its advantages include the good length of the pedicle and the choice of raising it as a composite flap. This procedure is usually performed in one session, but we preferred to raise the flap in a delayed procedure [@R28] in order to increase the chance of success. Complications specific to this flap are alopecia, donor-site hollowing and injury to the frontal branch of the facial nerve with eyebrow ptosis [@R29]. This flap is very versatile and has various applications in the reconstruction of a variety of head and neck defects [@R28]. We found it particularly well suited to the reconstruction of the upper half of the cheek and oral commissure. Colour and texture matching, although not ideal, are acceptable.

The trapezius-deltoid fasciocutaneous flap, or supraclavicular flap, is based on the supraclavicular artery, a branch of the transverse cervical artery. The typical size of the flap is 21 × 11 cm. If a flap with a width of \< 10 cm is raised, the donor site can be closed primarily [@R30]. Pallua [@R31] and Abe [@R32] have extensively studied the vascular anatomy of this flap. It can be raised as a pedicled, island or free flap. The advantages of this flap are minimal donor-site morbidity and acceptable colour and texture matching to facial and cervical skin. Its disadvantages are the shortness of the pedicle (1-7 cm) and anatomical variability in the supraclavicular artery [@R33]. This flap is indicated for the reconstruction of the cervical region or lower third of the face [@R34]. We have raised such flaps in delayed procedures in two patients without grafting the inner surface of the flap. In one patient, we reconstructed the inner lining of the cheek (oral mucosa) due to a through-and-through defect, which required the prelamination of the flap with a partial-thickness skin graft.

We decided to use these flaps for the following reasons. The failure of a free flap reduces the success rate of a second free flap, as mentioned above. Local infections subsequent to flap necrosis, the worsening of the patient\'s general condition, and the patient\'s refusal for the procedure can prevent the placement of a new free flap [@R35]. Moreover, microvascular anastomosis is less favourable in an anatomical site previously subjected to surgery or radiation therapy. Some authors [@R25] consider the use of locoregional scalp or pectoralis flaps to be safer for head and neck reconstructions under certain circumstances. In three of the four cases described in our study, we chose to use a supraclavicular flap because of the location of the defect (the lower third of the face in two patients, a pharyngocutaneous fistula in one patient), the safety of this solution, especially as a delayed procedure and negligible donorsite morbidity (primary closure was performed in all three cases). The delayed placement of a supraclavicular flap was preferred over more routinely used locoregional flaps, such as the pectoralis flap, because we required a thin pliable flap in all cases, and routine musculocutaneous flaps are always bulky. Furthermore, a pectoralis flap is not ideal for use in women. In one case, we decided to use a fasciocutaneous temporalis flap because of the size and location of the defect (upper half of the cheek and oral commissure). All the flaps in the present case series could have been performed as a one stage procedure with the supraclavicular flaps raised as island flaps. However, the use of a delayed procedure for a locoregional flap may offer several advantages. The procedure is safer than immediate placement because it allows progressive autonomization of the vascular pedicle. This is especially true for the distal portion of the flap, which is almost always the most useful portion, but at the same time is most at risk for vascular compromise. In the case series reported here, we observed no minimal necrosis of the distal flap portions. This factor can be critically important in patients undergoing reconstruction after the failure of a previous flap and for whom no alternative is available.

The substantial disadvantage of a delayed procedure is that 7-15 days must pass before the flap can be placed safely. However, this time was required in all of our patients to eliminate necrosis and infection in the wound. No surgical procedure could have been performed earlier in these compromised sites.

Another disadvantage of a delayed locoregional interpolated flap placement is the necessity of three surgical sessions. Autonomization (and prelamination if necessary) is performed in the first session, flap rotation is performed in the second and pedicle division is performed in the third session. However, in all cases described here, autonomization and pedicle division were performed under local anaesthesia, and pedicle division was performed as an outpatient procedure, which reduced the economic burden of the entire procedure.

Conclusions {#S4}
===========

Free flaps represent the gold standard in head and neck reconstructive surgery. When a free flap is contraindicated or not ideal, locoregional flaps represent a valid alternative. The use of such flaps is also indicated when partial or total necrosis develops in previously placed locoregional or free flaps, which requires a salvage procedure. Local infections, adverse local conditions related to previous surgery or radiotherapy, and the patient\'s poor general condition may be contraindications for the placement of a second free flap. The delayed procedure guarantees greater safety of the flap and allows the prelamination of the inner flap surface in the correction of a through-and-through defect. Donor-site morbidity and aesthetic and functional outcomes appear to be acceptable. The increased duration of hospitalization and the need for three-step surgery represent the greatest limitations of these procedures, which are nonetheless invaluable under certain circumstances.
